is chronic plaque psoriasis or psoriasis vulgaris. 2 Other types of psoriasis include guttate, erythrodermic, and pustular psoriasis. 1, 2 Psoriatic arthritis is seen in approximately 30% of patients with psoriasis and, if left untreated, can cause significant joint damage. 2, 6 Individuals with psoriatic arthritis generally experience stiffness, pain, swelling, and tenderness of the affected joints, typically the wrists, knees, ankles, neck, and lower back.
In developing a treatment plan, it is helpful to separate patients with mild local psoriasis from patients with moderateto-severe disease. Disease severity is often classified based on body surface area involvement (i.e., ≤2%, mild; 3% to 10%, moderate; >10%, severe). 16 Patients with mild-to-moderate psoriasis can generally manage their disease effectively with topical therapies, including emollients, keratolytics, anthralin, coal tar, corticosteroids, vitamin D analogues (calcipotriene [Dovonex] ), and topical retinoids (tazarotene [Tazorac] ). Systemic therapies are not typically used because the impact of the disease on these patients does not justify the potential risks of more intensive therapy. Patients with moderate-to-severe disease or who are otherwise disabled by their psoriasis (for example, painful involvement of the soles of the feet, palms, face, or genitals) are impacted so greatly that the risks of systemic therapies may be justified.
ss Treatment of Moderate-to-Severe Psoriasis Table 1 summarizes some of the key points of conventional therapies used for the treatment of moderate-to-severe psoriasis. Traditional psoriasis treatments have been the subject of numerous reviews. 13, [17] [18] [19] [20] [21] No therapy in any class offers complete healing of psoriasis for all patients. However, the conventional therapies have demonstrated varying degrees of efficacy, with some patients experiencing satisfactory symptom relief. A major
Advancements in the Treatment of Psoriasis: Role of Biologic Agents
Conventional Therapies for the Treatment of Moderate-to-Severe Psoriasis 13, [17] [18] [19] [20] [21] limitation with these treatments is that most have serious side effects that limit their use. Only psoralen plus ultraviolet A (PUVA) is considered a remittive therapy (i.e., able to induce long-lasting improvements in the symptoms of psoriasis after treatment discontinuation). 21 In contrast, the symptoms of psoriasis recur shortly after withdrawal of other conventional therapies. 21 These latter treatments are commonly referred to as suppressive therapies. Some of the issues that may be taken into consideration when evaluating traditional therapies are the dosing regimens, drug interactions, and potential for organ toxicity (Table 1 ). Initial data indicate that biologic agents for psoriasis avoid these issues and, although data are limited, may provide an overall more effective treatment for patients who have moderate-to-severe disease.
An increased understanding of the role of the immune system in psoriasis has spurred the development of biologic agents for the treatment of chronic plaque psoriasis. Biologics provide a specific, targeted regulation of the cells in the immune system that are implicated in psoriasis as compared with some of the traditional, nonspecific immunosuppressive therapies (e.g., cyclosporine, methotrexate). However, monitoring for infections is prudent for the biologics since all of these agents have immunomodulatory activity. To date, biologics have not been associated with organ toxicity. Furthermore, biologics have limited problematic drug interactions since they are not metabolized through the cytochrome P450 system.
The following sections and Table 2 review the results of randomized controlled clinical trials on each of the biologic agents being studied to treat psoriasis. Of these agents, alefacept (Amevive), efalizumab (Raptiva) and, most recently, etanercept (Enbrel) have gained U.S. Food and Drug Administration (FDA) approval for this indication.
The Psoriasis Area Severity Index (PASI) is the standard for evaluating the efficacy of psoriasis treatments in clinical trials. To be considered efficacious, a new treatment must result in significantly more patients achieving a ≥75% reduction from baseline PASI (PASI 75) compared with placebo. However, it has been shown that substantial improvements in quality of life and visible clearing of lesions can be achieved when PASI is reduced by 50% (PASI 50). 11, 12, 14, 22 The results of a recent study of methotrexate, which is widely viewed as one of the most effective therapies for psoriasis, lends support to the difficulty in achieving PASI 75. In 25 patients with moderate-to-severe psoriasis, Callis and colleagues 23 reported that 24 weeks of aggressive therapy with methotrexate resulted in a PASI 75 for only about one quarter of patients. PASI 50 was achieved by approximately two thirds of patients. For these reasons, the following sections describe PASI 50 results, whenever available.
Alefacept
Alefacept (Amevive) is a fully humanized recombinant fusion protein that modifies the inflammatory process in psoriasis. 24, 25 It selectively inhibits activation of memory T-cells and produces apoptosis of this T-cell subset. The FDA approved alefacept in January 2003 for the treatment of adult patients with moderateto-severe chronic plaque psoriasis who are candidates for systemic therapy or phototherapy.
Alefacept is administered once-weekly at a dose of 15 mg via intramuscular (IM) injection. 25 Circulating CD4 + T-cell counts should be monitored before initiating alefacept therapy and weekly during the 12-week treatment period. Alefacept should not be initiated in patients with a CD4 + T-cell count below normal and, if CD4 + T-cell counts drop <250 cells/µL, it is recommended that treatment be withheld for the subsequent week. Retreatment courses of alefacept may be initiated provided that CD4 + T-cell counts are normal and ≥12 weeks have passed since the last alefacept dose of the previous course. Monitoring of CD4 + T-cell levels is not required during the off-treatment phase.
Two randomized, double-blind, placebo-controlled phase III trials have been conducted in more than 1,000 patients with moderate-to-severe chronic plaque psoriasis. 14, 15, 22 During the first course of treatment (i.e., 12 weeks of treatment followed by 12 weeks of observation), 56% of patients treated with alefacept 7.5 mg intravenous (IV) and 57% treated with alefacept 15 mg IM achieved a PASI 50 at any time during treatment or followup (overall response rate) (P<0.001 versus placebo in both studies). 14, 22 Two courses of alefacept provided further benefit, with 71% and 69% of patients achieving a PASI 50 in the IV and IM studies, respectively. 14, 15 Patients who achieved a PASI 75 response during or after a single course of alefacept maintained a PASI 50 response for a median duration of 216 days (7.5 mg IV) or 209 days (15 mg IM). 14, 15 Both doses of alefacept (7.5 mg IV and 15 mg IM) reduced circulating CD4 + and CD8 + T-cell counts, with selective effects on memory T-cells and sparing of naïve T-cells. 26, 27 The greater the magnitude of reduction in CD4 + and CD8 + memory T-cell counts, the greater the clinical response and the duration of offtreatment response. Alefacept had negligible effects on CD19 + B cells and CD16 + /CD56 + natural killer cells. No evidence of a cumulative effect of alefacept on lymphocyte count or lymphocyte subset counts was observed when alefacept was administered over multiple courses.
In both phase III trials, 1 or 2 courses of alefacept were similarly well tolerated with no evidence for an increased risk of infections or malignancies and no association between these events and circulating CD4 + T-cell counts. 14, 15, 22 The majority of infections were common colds. No opportunistic infections were reported. Discontinuation rates because of adverse events were low and similar in the alefacept and placebo groups (≤2% across all treatment groups). Pruritus was reported by a higher percentage of patients in the alefacept 15-mg group (18%) than in the placebo group (10%) during 1 course of IM therapy. 22 Most of these events were single episodes. Injection site reactions were mild and did not lead to discontinuation of therapy 15 (no patient received placebo for 2 courses) *7.5 mg IV once weekly71% 14 (no patient received placebo for 2 courses) Duration of off-treatment response: ~7 months with both doses 14, 15 No increased risk of infections or malignancies Incidence of serious infections: 0.9% alefacept, 0.2% placebo 25 No opportunistic infections Incidence of malignancies: 1.3% alefacept, 0.5% placebo (majority were nonmelanoma skin cancers) 25 No disease rebound upon discontinuation Mild injection-site reactions with IM doses (16% alefacept, 8% placebo) 25 Significant improvement in DLQI, DQOLS, and SF-36 with 15 mg IM and 7.5 mg IV 28 Finlay and colleagues reported the effects of alefacept on patient quality of life based on the phase III trial of IM alefacept.
11 Alefacept 15 mg significantly improved all 3 qualityof-life measures compared with placebo, including the Dermatology Life Quality Index (DLQI), Dermatology Quality of Life Scales (DQOLS), and Short Form-36 (all P< 0.05 at 2 weeks after last dose). Patients did not need to achieve complete clearing of lesions or a PASI 75 to experience significant enhancement in quality of life. PASI 50 was a clinically meaningful predictor of the quality-of-life benefit of alefacept. Similar findings were observed with alefacept 7.5 mg IV. 12 The findings of a phase II trial and an open-label retreatment trial were consistent with the phase III results. 8, 29, 30 Efalizumab Efalizumab (Raptiva) is a humanized monoclonal antibody that prevents T-cells from becoming activated, adhering to endothelial cells, and moving from the circulatory system to the skin. 31, 32 In October 2003, efalizumab became the second biologic to be approved by the FDA for the treatment of psoriasis. Like alefacept, efalizumab is indicated for the treatment of adult patients with moderate-to-severe chronic plaque psoriasis who are candidates for systemic therapy or phototherapy.
Patients can self-inject efalizumab after proper training in the preparation and injection technique. 32 Efalizumab is administered as a single 0.7 mg/kg subcutaneous (SC) injection (conditioning dose) followed by once-weekly doses of 1 mg/kg SC. The maximum single dose should not exceed 200 mg. The prescribing information for efalizumab states that a conditioning dose reduces the incidence and severity of a first-dose reaction (headache, chills, fever, nausea, vomiting, and myalgia). The incidence of this reaction without a conditioning dose was 29% in the efalizumab 1 mg/kg group and 15% in the placebo group after the first dose, and 4% and 3%, respectively, after the third dose. Less than 1% of patients discontinued efalizumab because of the reaction.
The results of 2 randomized, double-blind, placebocontrolled phase III trials in more than 1,100 patients with moderate-to-severe plaque psoriasis have been published. 33, 34 In these studies, 52% to 59% of patients achieved a PASI 50 after 12 once-weekly injections of efalizumab 1 mg/kg SC (P< 0.001 versus placebo). Similar results in favor of efalizumab 1 mg/kg SC over placebo were reported for 2 additional pivotal studies, which are included in the product labeling but as of yet are unpublished (Table 2) . Efalizumab has a relatively rapid onset of action, with significant improvements in mean PASI scores noted as early as week 4. Efalizumab is a suppressive rather than remittive therapy, which means that it needs to be taken continuously to maintain symptom control.
Efalizumab was generally well tolerated in clinical trials. [32] [33] [34] No evidence for an increased risk of infections or malignancies was observed, and no opportunistic infections were reported. Few patients discontinued because of adverse events in the published trials (3% to 4% efalizumab 1 mg/kg, 1% to 2% placebo). Efalizumab may cause thrombocytopenia; therefore, it is recommended to measure platelets before initiating therapy and periodically during treatment (monthly initially, less frequently thereafter). In the combined safety database from all studies, thrombocytopenia (platelet count <52,000 cells/µL) occurred in 8 of 2,762 efalizumab-treated patients and no placebo-treated patient. Efalizumab was discontinued in each case. Five of the 8 patients received a course of systemic steroids. The adverse event resolved in 7 patients (1 patient was lost to follow-up). Rebound disease occurred in 14 patients after stopping efalizumab therapy, and an additional 5 patients had serious worsening of psoriasis during treatment. Hospitalization and alternative psoriasis therapy was required in some cases. Approximately 6% of patients developed antibodies against efalizumab, but no safety concerns were noted. In a separate small study, a single dose of efalizumab 1 mg/kg IV administered before primary immunization with a neoantigen almost completely ablated the secondary immune response. 32 In one of the phase III trials, efalizumab 1 mg/kg SC significantly improved the DLQI, Itching Visual Analog Scale, and Psoriasis Symptom Assessment frequency and severity subscales compared with placebo (all P< 0.001 at week 12).
33
Etanercept Etanercept (Enbrel) is a recombinant human tumor necrosis factor (TNF)-receptor fusion protein that competitively inhibits the effects of endogenous TNF, an inflammatory cytokine, by interacting with cell-surface receptors. 35 Etanercept is approved for the treatment of rheumatoid arthritis, juvenile rheumatoid arthritis, psoriatic arthritis, and ankylosing spondylitis. It received an FDA-approved indication for treating chronic moderate-to-severe plaque psoriasis in May 2004.
Etanercept may be associated with an increased risk of serious infections. 35 The FDA reported that 38 of the approximately 150,000 etanercept-treated patients with rheumatoid arthritis developed tuberculosis. 36 However, latent tuberculosis testing is not required before initiating etanercept. 35 Etanercept is contraindicated in patients with sepsis.
Three randomized, double-blind, placebo-controlled trials have been published on the use of etanercept as a treatment for psoriasis. [37] [38] [39] In the earliest study, 60 patients with psoriatic arthritis, 38 of whom also had psoriasis involving ≥3% body surface area, received either etanercept 25 mg SC twice weekly or matching placebo for 12 weeks. 37 In patients with psoriasis, PASI 50 was achieved at 12 weeks in about 40% and 20% of patients (estimated from bar graphs) in the etanercept and placebo groups, respectively (P = NS). The safety analysis included all 60 patients. The incidences of the following adverse events were more common among etanercept-treated patients than placebo-treated patients: upper respiratory tract infections (27% versus 13%, respectively), mild injection site reactions (20% versus 3%), and fatigue (13% versus 0%). No etanercept-treated patient discontinued therapy because of an adverse event. No infection required hospitalization or IV antibiotics. This publication did not report on the development of antietanercept antibodies or the quality-of-life effects of etanercept in patients with psoriasis.
In another trial, 112 patients with moderate-to-severe chronic plaque psoriasis were randomized to receive etanercept 25 mg SC twice weekly or matching placebo for 24 weeks. 38 The percentage of etanercept-treated patients achieving a PASI 50 was 70% at week 12 and 77% at week 24 (both P< 0.001 versus placebo). A significant reduction in mean PASI scores was observed at the first time point measured (week 2). The duration of off-treatment response was not assessed. With regard to tolerability, the incidence of discontinuations because of adverse events was lower in the etanercept group than in the placebo group (4% versus 11%). As compared with placebo, upper respiratory tract infections (35% etanercept, 20% placebo), sinusitis (14%, 4%), and mild injection site reactions (9%, 0%) were more common in the etanercept group. No cases of opportunistic infections or skin cancers were observed. Tuberculosis did not occur in this trial. Antibodies against etanercept were not assessed. Etanercept significantly improved quality of life compared with placebo, as measured by mean percentage improvement in DLQI scores, as early as the first time point evaluated (week 4) (P value not provided).
Leonardi and colleagues conducted the largest trial of etanercept, which included 652 patients with moderate-to-severe chronic plaque psoriasis. 39 Patients were separated into 4 dosing regimens: etanercept SC (25 mg once weekly, 25 mg twice weekly, or 50 mg twice weekly) for 24 weeks or placebo SC for 12 weeks followed by etanercept 25 mg SC twice weekly for 12 weeks. At week 12, 41%, 58%, and 74% of patients in the etanercept low-, medium-, and high-dose groups, respectively, achieved a PASI 50 (all P< 0.001 versus placebo). Corresponding results at week 24 were 58%, 70%, and 77%. All doses of etanercept significantly improved mean PASI scores compared with placebo as early as week 2. An evaluation of the duration of off-treatment response was not completed. The most common adverse events over the initial 12 weeks of the study were injection site reactions (11% to 17% across etanercept groups, 7% placebo). The frequency of other adverse events was similar across the treatment groups. No opportunistic infections or cases of tuberculosis were reported. Antietanercept antibodies were detected in 2% of patients. Etanercept was associated with dose-related mean percentage improvements in DLQI scores, with significant differences over placebo evident as early as week 2 (P values not specified at this time point).
Infliximab
Infliximab (Remicade) is a chimeric monoclonal antibody that specifically inhibits TNF alpha. 40 It is approved for the treatment of rheumatoid arthritis, in combination with methotrexate, and for the treatment of Crohn' s disease. Infliximab is not FDA-approved for the treatment of psoriasis.
Infliximab carries a Black Box warning regarding the risk of serious infections, including tuberculosis. 40 Among the approximately 200,000 patients with rheumatoid arthritis who received infliximab through 2002, the FDA reported that 172 cases of tuberculosis were identified. 36 Because of this association, patients should be evaluated for latent tuberculosis infection with a tuberculin skin test. 40 Treatment of latent tuberculosis infection should be initiated before therapy with infliximab. Infliximab (>5 mg/kg) is contraindicated in patients with moderate-to-severe heart failure.
One small (N = 33) randomized clinical trial has been published on the efficacy and safety of infliximab for the treatment of moderate-to-severe chronic plaque psoriasis (Table 2) . 41 Patients received infliximab 5 mg/kg, infliximab 10 mg/kg, or placebo by 2-hour IV infusion at weeks 0, 2, and 6, and were then followed through week 10. Investigators and patients were blinded to treatment assignment during this time. At week 10, 82% of patients treated with the lower dose of infliximab and 73% treated with the higher dose of infliximab achieved a PASI 75 (both P<0.05 versus placebo). PASI 50 results were not reported. The mean percentage improvement in PASI scores was significantly greater with active therapy than placebo as early as week 2 (P<0.001); a dose response was not observed. One patient in each of the low-dose and high-dose infliximab groups withdrew because of adverse events (mild rash and worsening psoriasis, respectively). Headache was more common in the high-dose infliximab group (7 of 11 patients) than in the lowdose (1 of 11 patients) and placebo (2 of 11 patients) groups. No opportunistic infections were reported. Positive antinuclear antibody titers were detected in 2 patients in the low-dose infliximab group at week 10. Neither patient had any relevant clinical symptoms, and both responded well to infliximab.
ss Where Do Biologics Fit in the Treatment of Patients With Psoriasis? Biologic agents for psoriasis have been proven to offer patients an effective alternative therapy for moderate-to-severe psoriasis. Candidates for biologics may include patients who have exceeded 1 year of cyclosporine therapy, have a history of skin cancer, or have an abnormal liver biopsy with methotrexate. Clinical issues that should be taken into consideration include patients who have a concomitant disease (heart failure, TB, sepsis); patients with contraindications to use methotrexate or cyclosporine; and patients who may otherwise be candidates for ultraviolet therapy. Additionally, patient teachability and willingness to be an active participant with injectable therapy may be limiting factors of use. Biologics may hold promise for use in women of childbearing age, although their safety in this patient population has not been determined. In the future, a combination of traditional systemic therapies and biologics may be used to induce faster plaque clearing and longer remissions.
ss Cost and Cost-Effectiveness of Biologic Agents
The biologic agents have higher acquisition costs than traditional therapies. However, the current data on the impact of biologic therapies on overall health care costs are limited. Alefacept costs about $10,000 for a 12-week cycle. 42 Patients who respond to alefacept are likely to remain in remission for approximately 7 months and thus would not complete 2 full treatment courses in a year. Other patients may be less responsive to the initial treatment course and, given the drug' s potential for incremental efficacy, may opt to receive a second course in the same year. Thus, for 1.5 to 2 courses of alefacept per year, the drug cost would be approximately $16,667 to $20,000. The estimated cost for a full year of continuous treatment with efalizumab is $14,000. 42 The cost per year of therapy with etanercept or infliximab is estimated at $12,000, assuming continuous treatment with etanercept and an average of 8 treatments with infliximab. 42 A literature search revealed 1 publication with cost-efficacy data involving the use of biologic agents for the treatment of psoriasis. 43 The analysis in this single literature citation was limited for several reasons, as the authors acknowledged. First, there are no comparative data involving any of the biologic agents. Second, the efficacy outcome measure chosen for analysis was a PASI 75 response, which, as mentioned previously, may be too stringent a criterion for assessing the benefits of therapy. Third, the efficacy data used in the analysis were obtained from short-term clinical trials, which may not be reflective of actual practice. Each of the biologic therapies included in the analysis (IV alefacept, etanercept, and infliximab [efalizumab and IM alefacept were not included]) was more costly per treatment success when compared with traditional therapies such as methotrexate, acitretin, cyclosporine, ultraviolet B light, and PUVA. Among the biologic agents, the most cost-effective treatment was infliximab; alefacept and etanercept were comparably more costly per treatment success.
Future models may be able to incorporate head-to-head data with efficacy outcomes that are clinically meaningful (e.g., PASI 50). A model that estimates the cost of achieving symptom-free days and side-effect-free days over the long-term would be beneficial for this chronic disease.
ss Conclusion
Psoriasis is an immune-mediated disease that often has a negative impact on the lives of affected patients. Patients with mild, local disease may be treated effectively with topical therapy. Patients with moderate-to-severe disease generally require treatment with systemic therapies or phototherapy, often with adjunctive use of topical therapy. The limitations of traditional therapies and the improved understanding of the immune basis of psoriasis have led to the discovery and use of biologic agents that target the immune defect of psoriasis. These new agents appear to offer clinical benefit for patients who cannot tolerate or are otherwise not candidates for traditional therapies for moderate-to-severe psoriasis. Results of initial clinical trials indicate that these agents provide relatively high response rates while avoiding the collateral organ toxicity and adverse events associated with older treatments.
